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In this study, co-composting of pressed-shredded empty fruit bunches (EFB) and palm oil mill effluent 
(POME) anaerobic sludge from 500 m3 closed anaerobic methane digested tank was carried out. High 
nitrogen and nutrients content were observed in the POME anaerobic sludge. The sludge was subjected 
to the pressed-shredded EFB to accelerate the co-composting treatment. In the present study, changes 
in the physicochemical characteristics of co-composting process were recorded and evaluated. The co-
composting treatment was completed in a short time within 40 days with a final C/N ratio of 12.4. The 
co-composting process exhibited a higher temperature (60 - 67°C) in the thermophilic phase followed 
by curing phase after four weeks of treatment. Meanwhile, pH of the composting pile (8.1 - 8.6) was 
almost constant during the process and moisture content was reduced from 64.5% (initial treatment) to 
52.0% (final matured compost). The use of pressed-shredded EFB as a main carbon source and bulking 
agent contributed to the optimum oxygen level in the composting piles (10 - 15%). The biodegradation 
of composting materials is shown by the reduction of cellulose (34.0%) and hemicellulose (27.0%) 
content towards the end of treatment. In addition, considerable amount of nutrients and low level of 
heavy metals were detected in the final matured compost. It can be concluded that the addition of 
POME anaerobic sludge into the pressed-shredded EFB composting process could produce acceptable 
and consistent quality of compost product in a short time.  
 
Key words: Pressed-shredded empty fruit bunch, palm oil mill effluent anaerobic sludge, anaerobic digester, 
compost.  
  
 
INTRODUCTION 
 
Malaysia is the largest palm oil producer and exporter in 
the world. Despite high economics return to the country, 
the industry also generates large amount of wastes  such 
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as empty fruit bunch (EFB) (23%), mesocarp fibre (12%), 
shell (5%) and palm oil mill effluent (POME) (60%) for 
every tonne of fresh fruit bunches (FFB) processed in the 
mills (Najafpour et al., 2005). In 2005, it was estimated 
that about 75.5 million tonnes of FFB has been processed 
in the country (Lau et al., 2008). Thus, the treatment of 
EFB and POME has gained interest from many researchers 
2428         Afr. J. Biotechnol. 
 
 
 
 
 
Figure 1. POME anaerobic sludge obtained from 500 m3 semi-commercial closed anaerobic 
digester system. 1= fresh POME inlet; 2 = mixing pump; 3 = temperature probe; 4 = pH probe; 5 = 
gas collection chamber; 6 = settling tank; 7 = sludge recycling pump. 
 
 
 
due to the abundant amount generated in the mills 
(Baharuddin et al., 2009a; Zakaria et al., 2008). The most 
common practice of EFB treatment are through soil 
mulching, boiler fuel and incineration, but the rest of them 
are left unused in the palm oil mills. However, the 
transportation and distribution of EFB in the plantation as 
soil mulching is getting more expensive due to the current 
labour shortage (Suhaimi and Ong, 2001). Meanwhile, 
the use of EFB as boiler fuel is also not efficient, due to 
its characteristic high moisture content (Yacob et al., 
2005). The incineration of EFB in the palm oil mills is 
restricted by the Department of Environment (DOE) 
(Astimar and Wahid, 2006).  
POME is the most polluted organic residues generated 
from palm oil mills. POME is compose of high organic 
content mainly oil and fatty acids and are able to support 
bacterial growth to reduce its pollution strength. 
Anaerobic process is the most suitable approach for its 
treatment (Mumtaz et al., 2008). Unfortunately in 
Malaysia, the most popular treatment method for POME 
which is utilized by more than 85% of the mills is the 
open pond system. This is due to its low capital and 
operating costs (Alawi et al., 2009). In our previous work 
(Baharuddin et al., 2009a), shredded EFB and partial 
treated POME from an open anaerobic pond was used 
for co-composting treatment in open windrow system at 
field scale. The composting treatment was completed 
within 80 days with final C/N ratio of 12.5. The quality of 
the final matured compost was difficult to maintain due to 
the variation of partial treated POME characteristics in 
the open pond system. Therefore, it is essential to 
provide the EFB composting treatment with a consistent 
nitrogen and microbial source from POME in order to 
produce a good quality of compost product besides 
overcoming the problem of POME treatment. In the year 
2005, the anaerobic treatment of POME and methane 
production for clean development mechanism (CDM) 
project using a 500 m3 closed anaerobic digester (CAD) 
was developed at Felda Serting Hilir Palm Oil Mill, Malaysia 
(Yacob et al., 2006). The settling tank was installed and 
sludge was recycled to provide a balance microbes 
population for the treatment of POME and methane gas 
production (Alawi et al., 2009). Besides biogas generation 
from the treatment of POME, POME anaerobic sludge 
from the digester can also be used for EFB composting 
treatment. The addition of thicken POME anaerobic sludge 
into EFB compost might enrich the composting materials 
with high nutrient and microbial sources.  
Therefore, the aim of this study is to accelerate and 
improve the co-composting process of pressed-shredded 
EFB with POME anaerobic sludge. Physicochemical 
changes during the composting process and characteristics 
of the compost product were evaluated. 
 
 
MATERIALS AND METHODS 
 
Composting Site 
 
The composting treatment was conducted under shade and cement 
base at the Faculty of Biotechnology and Biomolecular Sciences, 
Universiti Putra Malaysia. The brick blocks with length of 2.1 m, 
width of 1.5 m and height of 1.5 m were used as composting 
blocks.  
 
 
Raw materials and composting process 
 
The EFB was obtained from Seri Ulu Langat Palm Oil Mill, Dengkil, 
Selangor, Malaysia. POME anaerobic sludge was obtained from a 
500 m3 semi-commercial CAD system at Felda Serting Hilir, Negeri 
Sembilan, Malaysia. The EFB was pressed and shredded in the 
mills for the recovery of remaining crude palm oil (CPO). The size of 
pressed-shredded EFB was estimated about 15 to 20 cm length. 
The pressed-shredded EFB was applied directly onto the 
composting site. Figure 1 shows the POME anaerobic sludge in the  
  
 
 
biogas treatment which has been previously reported (Alawi et al., 
2009) as sludge recycling. The thicken POME anaerobic sludge 
from the bottom part of the clarifier tank was used for the composting 
treatment in the present study.  
One tonne of pressed-shredded EFB was loaded into the 
composting block by using a loader. About 50 kg of recycled EFB 
compost was added to facilitate the composting process. In order to 
maintain the moisture content of pile within 55 to 65%, POME 
anaerobic sludge was added at three days interval using a motor 
pump. The addition of POME anaerobic sludge was terminated a 
week before harvesting. Windrow turning was conducted one to 
three times a week for sufficient aeration and material mixing. The 
turning rate was dependent on temperature and oxygen level in the 
composting pile. Each composting cycle was completed within 40 
days. The total POME anaerobic sludge added into the EFB 
compost throughout the process was about one tonne (1: 1 ratio). 
 
 
Sampling and analysis 
 
One kilogram (1 kg) of samples was collected at different depth and 
points in the pile (surface and core). The samples were divided into 
two parts. One part was stored at 4°C while the other part was 
stored at -20°C until further analysis. All analysis was done in 
triplicates. Changes of the texture, colour, odour and size of the 
samples were recorded based on physical observation.  
The temperature and oxygen level at the top, middle and bottom 
layers of the interior of the heaps was monitored by using tem-
perature and oxygen monitoring device. Moisture content was 
determined by drying 10 g of sample at 120°C (AND MX/MF 
moisture analyzer) until a constant weight was attained. CNHS 
analyzer 2000 (Leeco, USA) and Inductively Coupled Plasma 
(OES, Perkin Elmer, USA) was used to determine carbon, nitrogen, 
nutrients and heavy metal elements. Plate count method was done 
to measure viable bacterial count according to Brock and Madigan 
(1991). The analyses for chemical oxygen demand (COD), 
biological oxygen demand (BOD), volatile suspended solid (VSS), 
total solids (TS), total suspended solids (TSS), oil and grease, pH 
and electrical conductivity (EC) were conducted according to 
American Public Health Association (APHA) methods (1998). 
Meanwhile, analysis of cellulose, hemicellulose and lignin content 
were determined according to Gorring and Soest (1970). Scanning 
electron microscope (Philips XL 30 ESEM, Holland) was used to 
view the structure of pressed-shredded EFB, POME anaerobic 
sludge and compost sample. 
 
 
RESULTS 
 
Characteristics of raw materials 
 
Table 1 shows the characterization of pressed-shredded 
EFB and POME anaerobic sludge used in the 
composting treatment. Characteristics of fresh raw POME 
was also determined as a comparison in the present 
study.  
 
 
Pressed-shredded EFB 
 
Pressed-shredded EFB was used as a main carbon 
source for the composting treatment due to its high 
cellulose (52.81 ± 8.1%) and hemicellulose (14.83 ± 
2.3%) content (Table 1). The pressed-shredded EFB was  
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brownish in colour with the length size of 15 to 20 cm. 
The fibrous form of pressed-shredded EFB might act as a 
good bulking agent for the composting treatment. The 
EFB used in the present study has been pressed in the 
mill to recover the remaining CPO left and then it was 
shredded into a loose fibrous material. The fibrous were 
stick together to form vascular bundles with 29.3 ± 3.8% 
of moisture content (Figure 2a). The pH of pressed-
shredded EFB was 6.9 ± 0.2 which is slightly acidic. 
Scanning electron microscopy (SEM) observation of 
pressed-shredded EFB also suggested that some silica 
body on the surface of EFB structure were removed as 
shown in Figure 3a. However, the structure still consisted 
of firmly bound threads of lignin with smooth surface 
along the structure (Figure 3a). This might be due to the 
strong combination of lignin (13.71 ± 0.9%) and hemi-
cellulose around the cellulose linkages (Table 1). The 
C/N ratio of pressed shredded EFB was 54.4 with carbon 
and nitrogen content at 43.49 ± 3.1% and 0.8 ± 0.1%, 
respectively. Moreover, high K (2.01 ± 0.3 mg/L) was 
detected in the pressed-shredded EFB as compared to 
other nutrient elements (Table 1).  
 
 
POME anaerobic sludge 
 
POME anaerobic sludge used in the present study has 
an opposite characteristics compared to the pressed-
shredded EFB with lower C/N ratio (8.0) and high water 
content (94.0 ± 2.3%). The POME anaerobic sludge was 
used as nutrient source for the composting treatment as it 
has high composition of phosphorus (1.2 ± 0.1 mg L-1), 
potassium (5.1 ± 1.2 mgL-1), calcium (2.5 ± 0.9 mg L-1) 
and magnesium (1.4 ± 0.2 mg L-1) as shown in Table 1. 
The treatment of fresh raw POME for biogas production 
in the system contributed to the low level of oil and 
grease (183.0 ± 10.1 mg L-1) and very low level of heavy 
metals (Ni < 15 mg kg-1) in the sludge (Table 1). Although 
the pH of fresh raw POME was in the acidic condition 
(4.3 ± 0.3), the pH of POME anaerobic sludge was 
almost neutral (7.4 to 7.6). Figure 3b shows the structure 
of the dried POME anaerobic sludge. The POME 
anaerobic sludge contained high BOD (15180 mg L-1) 
and COD level (40563 mg L-1) indicating high amount of 
organic matter (Table 1). Interestingly, the VSS level in 
POME anaerobic sludge was also higher compared to 
the fresh raw POME. Therefore, the POME anaerobic 
sludge might be suitable for used as microbial seeding in 
the composting treatment. In this study, thicken POME 
anaerobic sludge with TS and TSS value at 55,884 mg L-
1
 and 34,720 mg L-1, respectively was used. 
 
 
Physiological and biochemical changes during 
composting process 
 
POME anaerobic sludge and pressed-shredded EFB had 
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Table 1. Characteristics of pressed-shredded EFB, fresh raw POME and POME anaerobic sludge. 
 
Parameters Pressed shredded EFB Fresh raw POME POME anaerobic sludge 
Moisture (%) 29.3 ± 3.8 98.21 ± 0.2 94.03 ± 2.3 
pH 6.90 ± 0.2 4.33 ± 0.3 7.41 ± 0.2 
C(%) 43.49 ± 3.1 36.36 ± 3.8 37.51 ± 5.1 
N(%) 0.8 ± 0.1 2.71 ± 0.9 4.68 ± 0.7 
C/N 
Oil and grease (mg L-1) 
Electrical conduct. (dS m-1) 
54.4 
- 
- 
13.4 
2151.0 ± 50.1 
- 
8.0 
183.0 ± 10.1 
- 
COD (mg/L-1) - 113191.0 40563.0 
BOD (mg/L-1) 
Volatile suspended solid (mg L-1) 
Total suspended solids (mg L-1) 
Total solid (mg L-1) 
- 
- 
- 
- 
35580.0 
14530.0 
18980.0 
41022.0 
15180.0 
21110.0 
34720.0 
55884.0 
Cellulose (%) 52.81 ± 8.1 38.36 ± 5.0 10.45 ± 5.1 
Hemicellulose (%) 14.83 ± 2.3 23.21 ± 2.9 6.01 ± 1.8 
Lignin (%) 13.71 ± 0.9 26.72 ± 3.4 48.13 ± 9.2 
Composition of nutrients and metal elements 
Phosphorus (%) 0.08 ± 0.02 1.01 ± 0.2 1.25 ± 0.1 
Potassium (%) 2.01 ± 0.3 2.49 ± 0.2 5.16 ± 2.2 
Calcium (%) 0.26 ± 0.07 1.56 ± 0.1 2.55 ± 0.1 
Sulphur (%) 0.19 ± 0.1 0.57 ± 0.2 1.21 ± 0.3 
Ferrum (%) 0.07 ± 0.02 1.03 ± 0.3 1.09 ± 0.4 
Magnesium (%) 0.12 ± 0.05 1.21 ± 0.2 1.41 ± 0.2 
Zinc (mg kg-1) 33.0 ± 7.1 118.82 ± 22.1 151.0 ± 14.5 
Manganase (mg kg-1) 28.78 ± 9.1 339.0 ± 20.0 495.24 ± 48.3 
Copper (mg kg-1) 25.52 ± 5.3 73.24 ± 8.1 174.9 ± 20.3 
Boron (mg kg-1) 26.97 ± 4.9 95.59 ± 8.2 65.0 ± 10.1 
Molibdenum (mg kg-1) 1.0 ± 0.08 n.d 5.0 ± 1.0 
Cadmium (mg kg-1) n.d 1.2±0.1 n.d 
Nickel (mg kg-1) 6.1 ± 1.7 n.d 14.0 ± 2.2 
 
 n.d., Not detectable (all percentages are in dry weight). 
 
 
 
 
 
 
Figure 2. Physical appearance of (a) raw pressed-shredded EFB, (b) compost (day 20) and final matured 
compost (day 40). 
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Figure 3. SEM analysis (a) Pressed-shredded EFB (500 x magnification), (b) POME anaerobic sludge (180 x magnification) and (c) 
final matured compost at day 40 (180 x magnification).  
 
 
 
opposite characteristics (Table 1); thus the combination 
of these materials would be suitable substrates for the 
composting treatment. The final matured compost in the 
present study was blackish in colour, soil texture and earthy 
smell (Figure 2c). In addition, it was also suggested that 
the structure of pressed-shredded EFB was altered during 
composting treatment with the presence of many holes 
indicating that the cellulose and hemicellulose linkages 
was disrupted (Figure 3c). This phenomenon might be 
due to the action of cellulolytic and lignolytic microbes 
throughout the treatment.  
 
 
Temperature profile  
 
During the composting period, the ambient temperature 
was observed around 29 to 32°C. In the present study, 
the temperature of composting piles was increased 
sharply at 50°C after 24 h and maintained between 60 to 
67°C from day 2 until day 19 of treatment (Figure 4). The 
rapid increase in temperature might be due to the turning 
process. Moreover, large amount of readily digestible 
components in the POME anaerobic sludge were 
available for microbial utilization. The thermophilic phase 
in the present study was continued until day 25 of 
treatment before gradually decreased to below 40°C after 
day 28 when the curing phase was started. During the 
curing phase, the C/N ratio tends to stabilize. At the end 
of treatment, the average temperature inside the pile was 
32°C. The temperature profile showed in this study 
(Figure 4) met the sanitation requirement without external 
exertion of heat energy to the composting pile. It was also 
suggested that the capacity of piles could preserve heat 
by limiting heat loss to the surrounding. The oil and 
grease content of composting material was reduced from 
1340.0 ± 20.0mg.kg-1 at day 2 of treatment to the value of 
140.3 ± 17.5 mg.kg-1 in the final matured compost (Table 
2).  
 
 
Moisture content and oxygen level 
 
In this study, POME anaerobic sludge was  added  to  the  
composting piles to maintain the optimum moisture 
content (55 - 65%) throughout the treatment (Figure 4). 
The moisture content of the final matured compost (51.8 
± 3.7%) was slightly lower than the initial materials (64.5 
± 2.2%). High thermophillic temperature and frequent 
turning in the composting piles contributed to water loss. 
Therefore, the addition of POME anaerobic sludge was 
essential to sustain the microbial activity as well as 
provide nitrogen source. In this study, the oxygen level in 
the composting piles (Figure 4) was maintained in the 
thermophilic phase (10 - 15%) before slightly reduced (5 - 
10%) during the curing phase. The reduction of oxygen 
level in the curing phase might be due to the compaction 
of degraded composting materials, although frequent 
turning was conducted.  
 
 
pH and electrical conductivity 
 
The initial pH of composting pile was slightly increased 
from 7.6 to 8.5 within the first 2 days of treatment and this 
was probably due to the POME anaerobic sludge added 
(Figure 5). The value of pH showed almost constant after 
day 3 until day 28 of composting treatment. The pH 
detected was in the range of 8.5 to 8.7, indicating a weak 
alkaline condition of the system (Figure 5). The slight 
declined in pH after day 29 (pH < 8.5) was probably due 
to the volatilization of ammonium and released of 
hydrogen ions from the nitrification process. The pH of 
the final matured compost was pH 8.1 ± 0.8. Moreover, 
the initial EC value was increased from 4.8 ± 1.0 to 7.0 ± 
0.3 dS m-1 of the final matured compost (Table 2). This 
result might be attributed to the release of several ions 
during the mineralization of organic matter. 
 
 
Bacterial count 
 
Based on temperature profile during composting, two 
stages in the treatment process can be observed; 
thermophilic (from day 2 to day 27) and mesophilic (from 
day 28 to  day  40). The  initial  total  bacteria  count  was  
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Table 2. Characteristics of EFB compost at initial (day 2) and final matured compost (day 40). 
 
 
 
 n.d., Not detectable (All percentages are in dry weight). 
 
 
 
 
Figure 4: Profiles of temperature (), Oxygen level (○) and moisture content (♦
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Figure 4. Profiles of compost temperature (∆), oxygen level (○) and moisture content (♦) 
throughout composting treatment (arrow indicate turning process). 
 
 
 
about 11.3 × 1010 CFU g-1 wet substrate. As the process 
entered thermophillic phase, it was observed that the 
total bacterial count increased sharply and then slowly 
decreased when the temperature dropped (Figure 5). The  
Parameters EFB compost (initial - day 2) EFB compost (final - day 40) 
Moisture (%) 64.5 ± 1.2 51.8 ± 3.7 
pH 8.56 ± 0.2 8.12 ± 0.8 
C(%) 42.49 ± 5.2 28.81 ± 3.3 
N(%) 0.93 ± 0.05 2.31 ± 0.08 
C/N 
Oil and Grease (mg kg-1)) 
Electrical Conduct. (dS m-1) 
45.6 
1340.0 ± 20.0 
4.87 ± 1.0 
12.4 
140.0 ± 27.5 
7.02 ± 0.3 
Cellulose (%) 51.31 ± 5.0 33.86 ± 4.7 
Hemicellulose (%) 21.81 ± 2.6 15.92 ± 2.5 
Lignin (%) 20.24 ± 3.1 38.14 ± 3.1 
Composition of nutrients and metal elements 
Phosphorus (%) 0.86 ± 0.1 1.36 ± 0.5 
Potassium (%) 1.52 ± 0.3 2.84 ± 0.6 
Calcium (%) 0.61 ± 0.1 1.04 ± 0.3 
Sulphur (%) 0.13 ± 4.3 0.18 ± 6.5 
Ferrum (%) 0.04 ± 0.1 0.98 ± 0.2 
Magnesium (%) 0.38 ± 0.08 0.90 ± 0.1 
Zinc (mg kg-1) 12.91 ± 3.7 157.32 ± 56.0 
Manganase (mg kg-1) 11.88 ± 2.3 151.2 ± 30.8 
Copper (mg kg-1) 11.71 ± 2.8 74.30 ± 10.2 
Boron (mg kg-1) 4.00 ± 1.1 11.01 ± 2.6 
Molibdenum (mg kg-1) n.d n.d 
Cadmium (mg kg-1) n.d n.d 
Nickel (mg kg-1) 12.24 ± 1.1 19.32 ± 2.4 
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Figure 5. Total bacterial count (●) and pH (◊) profiles throughout composting process. 
 
 
 
total bacterial count shows an abrupt increased when the 
treatment entered the mesophilic stage after day 25 and 
then gradually decreased towards the end of treatment 
(Figure 5). In the present study, POME anaerobic sludge 
consisted of high VSS content (Table 1), therefore it was 
added to the composting materials as microbial seeding 
for the composting treatment and thus the requirement of 
the effective microbes (EM) supplementation could be 
avoided. 
 
 
Substrate degradation and C/N ratio 
 
Analysis of cellulose, hemicellulose and lignin 
composition in the compost samples was conducted to 
evaluate the relative degree of decomposition during the 
process. It was observed that cellulose (34.0%) and 
hemicellulose (27.0%) content were reduced in the final 
matured compost; whereas lignin content had an 
opposite profile (Table 2). The reduction of cellulose and 
hemicellulose content implies the active utilization of 
these substances during the treatment. Meanwhile, the 
increment of lignin content in the final matured compost 
might be due to the accumulation of non degradable 
lignin from EFB and POME anaerobic sludge added. 
POME anaerobic sludge in the present study comprise of 
high lignin content (48.13 ± 9.2%), compared to cellulose 
(10.45 ± 5.1%) and hemicellulose (6.01 ± 1.8%) 
composition (Table 1).  
In the present study, nitrogen content was increased 
steadily whereas carbon content was reduced gradually 
throughout the composting process (Figure 6). Despite 
high C/N ratio of pressed shredded EFB, the addition of 
POME anaerobic sludge reduced the initial C/N ratio of 
composting material to the acceptable level. The initial 
C/N ratio of composting material was about 45.6 at day 2 
and then decreased gradually in the latter stage of 
treatment. The C/N ratio of 20 was obtained in the curing 
phase after day 27 and continued to decrease until it 
achieved the final C/N ratio of 12.4 at day 40. The POME 
anaerobic sludge consisted of high nitrogen content 
(4.6%). The co-composting process in the present study 
showed an improvement when it was completed within 40 
days at a final C/N ratio of 12.4.  
 
 
Nutrients (macro and micro)  
 
Table 2 shows the nutrients changes during the 
composting process. In addition to carbon and nitrogen, 
the matured compost also contained a variety of nutrients 
such as phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), sulphur (S), iron (Fe) and trace amount 
of zinc (Zn), manganese (Mn), copper (Cu) and boron 
(B). The N, P, K, Ca, Mg and Fe level in the final matured 
compost were 2.31, 1.36, 2.84, 1.04, 0.90 and 0.98%, 
respectively. The micronutrient elements detected in the 
final matured compost (Table 2) were zinc and 
manganese which were about 150 mg kg-1, copper (74 
mg kg-1) and boron (11 mg kg-1). It is also suggested that 
most of these nutrients were derived from organic-bound 
compounds in the POME anaerobic sludge added. Since, 
the composting treatment was conducted under shade 
and cement base, no leachate or run-off occurred 
throughout the composting treatment. The final matured 
compost contained a low level of nickel (Ni) (< 20 mg kg-
1), whereas cadmium (Cd) element was not detected in 
all compost  samples  (Table 2). The  low  level  of  heavy  
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Figure 6. Profiles of nitrogen content, carbon content and C/N ratio throughout composting 
process (○: nitrogen; ∆: carbon; ♦: C/N ratio). 
 
 
 
metal elements in POME anaerobic sludge might be due 
to the direct treatment of fresh raw POME for methane 
production in the digester. The results obtained in the 
present study also proved that the final matured compost 
was safe and suitable to be used as fertilizer. 
 
 
DISCUSSION 
 
The size of pressed-shredded was smaller compared to 
the EFB used in the previous work (Baharuddin et al., 
2009a) and thus increased the surface area for microbial 
consumption during the composting treatment. Mohamad 
et al. (2002) reported that the fresh sterilized EFB usually 
contains about 2% of remaining CPO. According to 
Manios et al. (2006), oil degradation and slow ‘burning’ of 
composting materials contributed to the oxygen 
depletion. Interestingly, in the present study, oil was 
successfully removed from the EFB. Thus, the EFB mill 
pressing is not only for the CPO recovery but also to 
minimize the depletion of oxygen level in the composting 
treatment.  
Based on SEM observation, it may be suggested that 
the outer structure of pressed-shredded EFB was better 
in terms of silica body removal as compared to the 
previous shredded EFB used for the composting 
treatment (Baharuddin et al., 2009b). The intact structure 
of EFB might be due to the combination of lignin and 
hemicellulose which provides a protective sheath around 
the cellulose (Kuhad et al., 1997). Wong et al. (2008) also 
reported that lignin is not attacked by enzymes and it 
shields the cellulose during the hydrolysis. The compo-
sition of lignin and hemicellulose in the pressed-shredded 
EFB was slightly lower compared to the shredded EFB 
used in the previous work (hemicellulose: 28.8%; lignin: 
17.1%).  The POME anaerobic sludge consists of lower 
C/N ratio and consistent characteristics compared to the 
partial treated POME. The characteristics of partial 
treated POME was always varied and difficult to maintain 
in the open pond system which was influenced by weather 
condition and mill operation (Baharuddin et al., 2009a). 
POME anaerobic sludge in the present study was 
clarified in the settling tank before used as sludge 
recycling in a closed anaerobic digester tank system and 
its characteristics was considerably consistent (Alawi et 
al., 2009). The macro and micronutrients detected in 
POME anaerobic sludge was also higher than the previous 
work. The higher VSS value in the POME anaerobic 
sludge might be due to the presence of beneficial 
predominant microbes for the composting treatment such 
as uncultured bacteroidetes which was previously 
detected in partial treated POME through the denaturing 
gradient gel electrophoresis (DGGE) analysis (Baharuddin 
et al., 2009b). In the present study, composting treatment 
could be completed within 40 days as much faster than 
the previous work (60 - 80 days) (Baharuddin et al., 
2009a). Yaser et al. (2007) reported that the composting 
treatment of POME sludge from anaerobic digestion pond 
mixed with sawdust can be completed after 200 days at 
final C/N ratio of 19.  Temperature is an important 
parameter to monitor the composting efficiency, as it 
does not only affect the biological reaction rates and 
population dynamics of microbes, but also the physico-
chemical characteristics of compost (Luo et al., 2008). 
The co-composting treatment in this study demonstrated 
a higher temperature (60-67°C) compared to the previous 
work (Baharuddin et al., 2009a). Ayed et al. (2007) 
reported that the temperature above 60°C affected the 
decomposition rate of the organic waste. The prolong 
thermophillic phase might be caused by the  existence  of  
  
 
 
the remaining CPO left in the EFB and POME anaerobic 
sludge which would release complete oxidation energy 
that aid the co-metabolism of more stable molecules such 
as lignin (Manious et al., 2006). Besides, moisture 
content also has significant effect on enzymes activities 
and microbial respiration in the composting process (Hu 
et al., 2008). In general, 50% of moisture content was the 
minimum requirement for maintaining high microbial 
activity (Liang and Das Mcclendon, 2003). 
According to Satisha and Devarajan (2007), the 
increase of pH in the composting process was likely to be 
the consequences of rapid metabolic degradation of 
organic acids and intense proteolysis of liberating alkaline 
ammonia compound due to protein degradation. 
Ammonium released during the composting process may 
also contribute to the increase of pH because ammonia is 
the principle nitrogenous compound in the composting 
material. Similar pattern of pH profile was obtained in the 
previous work (Baharuddin et al., 2009a). Saidi et al. 
(2008) reported that increase in alkalinity could inhibit 
some pathogen such as fungi since a large number of 
fungi grow only under acidic condition. In addition, the 
increase of electrical conductivity in the present study 
was likely due to the loss of weight and release of other 
mineral salts such as phosphate and ammonium ions 
through the decomposition of organic substances as 
reported by Wong et al. (2001). High bacterial number 
was observed during the first 20 days of treatment 
(Figure 5). In the previous work, most pre-dominant 
microbes for composting were obtained from the raw 
materials as analyzed by DGGE (Baharuddin et al., 
2009b). These indigenous bacteria would progressively 
oxidised easily degradable carbohydrate and pectin at 
initial thermophillic phase, whereas more stable material 
such as lignin were being oxidized in prolonged 
thermophillic phase (Baffi et al., 2006). There is an early 
thermophilic attack by bacteria and actinomycetes that 
easily converts degradable substrates such as sugars 
and proteins, whereas fungi are the major micro-
organisms in the following part of the process when 
cellulose, hemicellulose and lignin are available substrates 
and humification takes place (Ayed et al., 2007). The 
reduction of carbon content was attributed by the active 
microbial cellulolytic degradation and microbial prolife-
ration which immobilize nitrogen (Satisha and Devarajan, 
2007). Meanwhile, the preservation of nitrogen was due 
to the utilization and incorporation of the decomposed 
nitrogen by the microbial biomass during the composting 
process (Tang et al., 2004). 
The final matured compost comprises consistent and 
comparable amount of nutrient content. Since the thicken 
POME anaerobic sludge was used in this study, the ratio 
of POME added into the EFB compost was lower than 
reported by Baharuddin et al. (2009a). The ratio amount 
of POME anaerobic sludge added was similar to the ratio 
of pressed-shredded EFB and the treatment was accom-
plished within 40 days. 
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Conclusion 
 
Co-composting of pressed-shredded EFB and POME 
anaerobic sludge showed a feasible approach under 
controlled conditions. The microbial seeding and nitrogen 
source from POME anaerobic sludge speed up the EFB 
composting period within 40 days with the final C/N ratio 
of 12.4. The final matured compost comprised consistent 
and considerable amount of nutrients, low heavy metals 
and met the United States Environmental Protection 
Agency (USEPA) standard to be used as soil amendment 
and fertilizer. This study also proved the conversion of oil 
palm wastes into a high value added product such as 
compost through the integration of POME treatment in 
biogas generation and available EFB at palm oil mills. 
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